The purpose of this study was to evaluate the functional and anatomical outcomes of combined phacovitrectomy with multifocal intraocular lens (mfIOL) implantation. Methods: Retrospective, interventional, non-comparative case series of six eyes that received a combined phacoemulsification surgery with apodized, diffractive mfIOL implantation for cataract and pars plana vitrectomy (PPV) with membrane peeling for epiretinal membrane (ERM). Outcome measures included distance and near visual acuities (DVA and NVA), central macular thickness (CMT), intraocular pressure (IOP), and disruption of external limiting membrane (ELM) or inner-segment outer-segment (IS/OS) junction. Results: Mean logMAR glare DVA improved from 0.40 (Snellen 20/50) preoperatively to a mean uncorrected DVA of 0.038 (Snellen 20/22) (P=0.004) at 6 months after surgery. All eyes achieved NVA of J2 or better by 12 months postoperatively. Median CMT improved by 10 µm and mean IOP increased by 1 mmHg at 12 months postoperatively. Percentage of patients with ELM or IS/OS disruptions decreased from 66.7% to 33.3%. Two eyes demonstrated residual metamorphopsia on Amsler grid testing postoperatively. Postoperatively, four eyes required laser capsulotomy and one required LASEK for refractive correction. Conclusion: Combined phacovitrectomy, membrane peeling, and mfIOL implantation improved VA in patients with idiopathic ERM. Multifocality was achieved, but final visual outcome was delayed due to posterior capsular opacification and macular healing.
Background
Cataract extraction with apodized, diffractive multifocal intraocular lens (mfIOL) implantation has proven to be an effective option for providing patients functional vision at varying distances using different points of focus and has thus been increasingly utilized with conventional cataract surgery. [1] [2] [3] [4] [5] [6] The increasing employment of mfIOL implantation is a result of patient desires to address presbyopia and reduce spectacle dependence. 3 Cataract and vitreoretinal disease often coexist, and several studies have demonstrated the safety and efficacy of combined phacoemulsification and vitrectomy (ie, phacovitrectomy). [7] [8] [9] [10] [11] [12] [13] [14] The combined procedure offers several potential benefits such as faster visual recovery, reduced costs, improved patient convenience, equivalent or even reduced rates of complications compared to two separate surgeries, and 
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Patel et al circumventing the acceleration of cataract associated with vitrectomy. From the retinal surgeon's perspective, the combined procedure allows for improved retinal visualization. [15] [16] [17] Despite the increased popularity of using multifocal lenses during cataract surgery, the presence of retinal disease, particularly macular disease, has historically been a relative contraindication for the use of a multifocal lens. Multifocal IOLs may compound the reduction of contrast sensitivity in eyes with macular pathology and may leave the patient experiencing certain dysphotopsias (ie, halo, flicker, and glare disability). 18, 19 Recent work has demonstrated that patients with poorer preoperative visual acuity from macular pucker may have greater levels of relative visual acuity improvement but greater residual vision deficits. [20] [21] [22] Conversely, more favorable absolute visual acuity outcomes can be achieved among patients with preoperative visual acuities better than 20/50, suggesting this population may be candidates for mfIOLs. [20] [21] [22] There is a paucity of data in the ophthalmic literature reporting the results of using a multifocal lens during these combined procedures. We aimed to evaluate short-term functional and anatomical outcomes in selected patients undergoing combined mfIOL implantation for cataract and macular surgery for epiretinal membrane (ERM) from our pilot study.
Methods
A single-center, retrospective, interventional, noncomparative chart review of combined surgeries, with the University of Cincinnati Institutional Review Board approval, was performed. The review included all eyes treated at the Cincinnati Eye Institute (CEI) ambulatory surgery center from August 1, 2013 to August 1, 2016, who received combined cataract surgery with mfIOL implantation and vitreoretinal surgery. Surgical indication for mfIOL implantation included visually significant cataract based on functional impairment and glare testing, as well as patient request for an mfIOL. Vitreoretinal surgical indication was restricted to ERM causing metamorphopsia, visual distortion, and/or decreased visual function. Inclusion criteria included eyes that underwent same-day combined phacoemulsifcation cataract extraction with mfIOL implantation and pars plana vitrectomy (PPV) with membrane peeling for ERM, had $3 months of follow up, and did not have a history of other macular pathology (eg, cystoid macular edema [CME], diabetic macular edema) or laser treatment, surgery, or intravitreal injections during the 90-day postoperative period that would otherwise confound surgical results. Six eyes were identified and analyzed based on the inclusion criteria.
Cases reviewed were performed by one of two vitreoretinal surgeons (CDR or REF) and a corneal and refractive specialist (MES) at the CEI. All patients provided informed consent for surgery, and procedures were performed in accordance with the Declaration of Helsinki. The risks and benefits of using an mfIOL compared to monofocal intraocular lens (IOL) in the setting of macular pathology, including dysphotopsias, were discussed in detail with patients prior to IOL selection, and each patient selected mfIOL over other IOL choices. An apodized, diffractive mfIOL with a +3 addition power (AcrySof IQ ReSTOR ® SN6AD1; Alcon Laboratories, Inc., Fort Worth, TX, USA) was used in all cases. Retrobulbar or peribulbar anesthesia was used for all procedures. The lens was placed in each eye using standard phacoemulsification techniques (eg, two-handed, in-the-bag technique) without complication. After placing and centering the IOL into the capsular bag, all viscoelastic materials were removed from the anterior chamber; the incisions were closed either with a 10-0 nylon suture or hydration alone. The retinal surgeon then performed PPV with the Constellation Vitrectomy System ® (Alcon Laboratories, Inc.) machine through both a direct contact lens (Dutch Ophthalmic) and a non-contact wide angle viewing system (Volk Merlin ® and Occulus BIOM ® surgical systems) with membrane peeling for ERM using standard techniques, with or without the removal of internal limiting membrane (ILM) assisted by indocyanine green (ICG) dye mixed in 5% dextrose solution. A complete scleral depressed examination of the retina was performed. Intraoperative medications were limited to DisCoVisc ® , OcuCoat ® , ICG in 5% dextrose, cefazolin, and lidocaine bicarbonate. Postoperative topical ophthalmic medications included bromfenac, difluprednate, flurbiprofen, loteprednol, cyclosporine, moxifloxacin, and prednisolone acetate 1%.
Data reviewed from medical charts included preoperative best-corrected visual acuities (BCVA), preoperative glare BCVA, uncorrected distance visual acuities (UCDVA), near visual acuities (NVA), preoperative keratometries (K1 and K2), IOL powers, axial lengths, spectral domain optical coherence tomography (SD-OCT) data, Amsler grid data, refractive outcomes, patient histories, clinical examination findings, details of surgical procedures, perioperative and postoperative medications, surgical complications, and postoperative procedures. Preoperative uncorrected NVA was unavailable, except in one patient. Postoperative DVA was recorded as BCVA unless unavailable, in which uncorrected DVA was obtained. Postoperative uncorrected NVA was used unless unavailable, in which case NVA with correction was recorded.
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Patel et al Primary outcomes included uncorrected DVA and NVA, and central macular thickness (CMT) measured by SD-OCT. Secondary outcomes included intraocular pressure (IOP) and anatomic disruption of external limiting membrane (ELM) or inner-segment/outer-segment (IS/OS) junction of the retina visualized on Heidelberg Spectralis ® HRA-OCT. ELM and IS/OS band disruptions were defined as a reduced intensity or focal disruption of the band on the horizontal 6 mm foveal raster scan or cube scans. Disruptions were recorded as qualitative categorical descriptions (ie, the presence of a disruption indicated a positive value) rather than quantifying the percentage of the band damaged.
Outcomes were measured preoperatively, and at postoperative intervals of 1 day, 1 week, 1 month, 3 months, 6 months, and 12 months. If a postoperative visit at the desired time interval was unavailable, the closest time point was used. Postoperative procedures and complications were also recorded.
Data were consolidated and statistical analysis performed with Microsoft Excel ® 2017 (Microsoft Corporation, Redmond, WA, USA). Visual acuity was recorded as a Snellen value and then converted to logMAR scale for statistical analysis. Paired t-test analysis was performed to determine if changes in outcome variables before and after the combined procedure were statistically significant.
Results
The pilot series consisted of six eyes from five patients undergoing same-day combined macular and phacoemulsification surgeries. Baseline demographic information and preoperative clinical features of each case are summarized in Table 1 . Three male and two female patients with a mean age of 64.3 years (range 58.6-73.8 years) were included.
Mean follow-up time was 540.3 days (range 99-1149 days, standard deviation=461 days). The severity of each case's cataract and ERM was graded clinically. In all six cases, the visual complaints were attributed to both cataract and ERM. Past ocular history can be found in Table 1 Surgical data are presented in Table 2 . In all but one case, the ILM of the retina was removed with the ERM. PPV was performed using 25-gauge instrumentation in five eyes and 27-gauge instrumentation in one eye. Preoperative OCT images of the six cases' foveas are illustrated in Figure 1 .
The DVA and CMT measured from each case were plotted over time to help illustrate trends (Figures 2 and 3) . (Table 3 ). All patients achieved J2 or better uncorrected NVA by 12 months postoperatively. 
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Regarding subjective symptoms, three out of six cases reported blurry vision and difficulty reading in low light or small print postoperatively. Subjective blurry vision in one case reportedly improved after YAG capsulotomy for symptomatic posterior capsular opacification (PCO), and one improved with LASEK. Three eyes also experienced reported dysphotopsias, including glare, halos, or streaks of light. Despite these subjective symptoms, patients described satisfaction with their visual result in five out of six eyes.
Four cases showed equivocal changes in CMT over time postoperatively (Figure 3) . One case did not receive a postoperative OCT, and one case demonstrated a significant increase in CMT by 3 months postoperatively. Median final CMT improved to 10 µm compared to baseline by 12 months postoperatively. IOP in all cases initially decreased on (Table 3) . While looking at percentage of cases with disrupted bands over time, a similar trend as with our other variables is seen: an initial increase postoperatively, but improvement by 12 months after index operation. Postoperative complications were limited with only one report of mild ERM recurrence, with no need for further vitreoretinal surgery or IOL exchange, treatment of CME, nor clinically significant ocular hypertension. Four out of the six eyes required YAG capsulotomy for symptomatic PCO, and one of those additionally had LASEK to enhance the uncorrected refractive result. Based on the history and assessment recorded during postoperative visits, five of six patients expressed satisfaction with visual results. One case had early dissatisfaction with vision related to anisometropic symptoms, cataract symptoms in the fellow eye, and an unintended residual astigmatism of the index eye of -0.50+0.75×160. This patient was ultimately satisfied following eventual laser vision correction of 
Discussion
Combined phacovitrectomy has demonstrated efficacy, and discussion of premium lens options (eg, mfIOLs) is considered standard of care for all patients undergoing cataract extraction. We report a series of six eyes from five patients who underwent combined phacoemulsification with mfIOL implantation and PPV with membrane peeling for coexisting cataract and idiopathic ERM. Patients in the series predominantly had good corrected high-contrasted distance Snellen visual acuities, but suffered from visual deficits from glare, metamorphopsia, and contrast reduction that improved with combined surgery. While five of the six eyes had only corrected NVAs recorded preoperatively, all patients presented with presbyopic complaints. Therefore, this was not a limitation in appreciating the benefit of multifocality with improved uncorrected distance and excellent (J2 or better) NVAs. 
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Visual recovery was prolonged in some patients, attributable to the time required for macular healing, seen as improvements in disrupted ELM and IS/OS bands on OCT, and the development of symptomatic PCO requiring laser capsulotomy. Disruption of these bands of cells indicates photoreceptor dysfunction and correlates with poorer visual function. Moreover, the recovery of these disruptions has been associated with improvement in visual acuity. 23, 24 Incidence of PCO in eyes that have had vitrectomy is known to be higher than that in eyes that have not undergone PPV. 25, 26 The mean refractive outcome of -0.50±0.27 D is similar to that reported by Kim et al, who compared refractive outcomes of combined phacovitrectomy for ERM with cataract surgery alone and found a similar myopic shift. 27 Hadayer et al and others have raised concerns about the potential difficulty of performing PPV through an mfIOL due to impaired fundus visualization and intraoperative difficulties such as additional effort required to focus on the peripheral retina and retinal vessels, reduced stereopsis, and impaired view after fluid-air exchange. 28, 29 The operative view through the apodized diffractive multifocal lens in this case series was not limiting, and there were no intraoperative complications. Our positive experience with visualization through this particular mfIOL may not extrapolate to different diffractive IOL platforms.
Our study has inherent limitations. This was a qualitative analysis with potential case selection bias. Given the small sample size, it was not powered for safety analysis. Due to the retrospective nature, we did not have a standardized refraction paradigm, nor did we collect data on distance-corrected NVA or accommodative amplitudes to better grade degree of presbyopia. A prospective study could improve standardization of follow up, yield comparative analysis, and provide improved monitoring of subjective outcomes. Unfortunately, randomized clinical trials for this indication would be challenging, as this study examines a very small subset of patients undergoing combined surgery with controversial indications biased by strong patient motivations for mfIOL selection. Our data are not necessarily generalizable to other types of mfIOLs. Future investigations warrant a review of surgical outcomes in patients who have undergone PPV prior to, as well as distantly following cataract surgery with mfIOL implantation.
Ultimately our pilot study suggests combined phacovitectomy with mfIOL implantation in a carefully selected group of patients with ERM yielded good visual acuity, multifocality, a decrease in symptomatic metamorphopsia, and results which most patients found satisfactory. Patient selection is very important while considering multifocal lens for combined macular and phacoemulsifaction surgery, and patient expectations should be tempered to account for delayed achievement of maximal visual acuity and possible incomplete resolution of macular abnormalities and dysfunction postoperatively.
Summary statement
This retrospective, interventional, non-comparative case series evaluated functional and anatomical outcomes of eyes that underwent same-day combined phacoemulsification surgery for cataract with mfIOL implantation and PPV with membrane peeling for idiopathic ERM.
